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Specification 

1 . TITLE OF THE INVENTION 
Method of Forming Projecting Electrodes 

2. CLAIMS 

(1) A method of forming projecting 
electrodes characterized by comprising: 

a step of forming a desired underlayer 
electrode at a semiconductor wafer and 

a step of placing said semiconductor wafer 
on the top surface of a plating solution pumping 
plating solution from a tilted direction, and rotating 
said semiconductor wafer so as to form projecting 
electrodes of solder on the underlayer electrode. 

3. DETAILED DESCRIPTION OF THE 
INVENTION 

(A) Field of Utilization in Industry 

The present invention relates to a method of 
forming projecting (bump) electrodes, more 
particularly a method of forming solder projecting 
electrodes used as flip-chip electrodes. 

(B) Prior Art 

In general, projecting electrodes for taking a 
signal to the outside of a semiconductor device are 
called "bumps" and are constructed of multilayer 
metal thin films. 



The conditions required in the formation of 
such projecting electrodes are the prevention of 
mutual dispersion between aluminum (Al) pads of 
the interconnect layer of the semiconductor and the 
solder of the topmost electrode layer of the bumps, 
securing of a sufficient bonding force between the 
aluminum pads and the solder, and reduction of the 
connection resistance of the same. To satisfy these 
conditions, normally for example chrome-copper 
(Cr-Cu) is provided as a barrier layer or a copper 
plating layer (Cu) is provided as a bonding layer 
between the aluminum pads and the solder so as to 
form the projecting electrodes. 

FIG. 2 shows an example of the structure of 
a projecting electrode for taking out a signal to the 
outside. 

In FIG. 2, (1 1) is a silicon wafer, while 
(1 2) is a silicon oxide wafer film (Si0 2 ) film. The 
terminals on the wafer (1 1) are connected with 
bonding electrodes (1 3) by interconnects mainly 
comprised of aluminum (Al) and are electrically 
connected with the outside by these electrodes (1 3). 
Further, the terminals and the interconnects are 
protected by being covered by phosphorus glass or 
polyimideor another insulating film (14). Further, in 
FIG. 2, (15) and (16) are respectively the above 
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barrier layer and bonding layer. These are metal thin 
film layers provided so as to prevent a drop in the 
bonding strength due to mutual dispersion between 
the above bonding electrodes (1 3) comprised of 
aluminum (Al) and the bump bodies (17) comprised 
of solder. Normally, they are multilayer thin film 
structures of chrome-copper (Cr-Cu)/copper plating 
(Cu). 

The solder bumps have conventionally been 
formed by solder plating by the apparatus shown in 
FIG. 3. 

A cup (23) made of plastic provided with a 
large number of holes in its bottom is provided in the 
solder plating solution (22). The solder plating 
solution (22) is introduced into the cup (23) by a 
pump (24) from the bottom surface of the cup (23 ). 
Therefore, the solder plating solution (22)is 
controlled so as to flow in from the-bottom surface of 
the cup (23) and overflow from the top end of the cup 
(23). The solder wafer (21) formed with the 
underlayer electrode is supported at three points by 
pins (25) so as to abut against the solder plating 
solution (22) at the top surface of the solder plating 
solution (22) in the cup (23). Further, a solder plate 
(26) provided with a large number of holes is placed 
at the bottom of the cup (23) and is given a plus 

(21) and became thinner the more to the 
circumference. 

(D) Means for Solving the Problems 
The present invention was made in 

consideration of this problem and provides a method 
of forming projecting electrodes greatly improved in 
respect to the conventional problems by making the 
direction of flow of the solder plating solution in the 
cup tilted and rotating the semiconductor wafer. 

(E) Mode of Operation 
According to the present invention, by 

making the direction of flow of the solder plating 
solution tilted and rotating the semiconductor wafer, 
it is possible to make the flow rate of the solder 
plating solution striking the semiconductor wafer 
uniform and possible to make the height of the solder 
bumps formed on the underlayer electrode of the 
semiconductor wafer uniform. 

(F) Embodiments 

A method of forming projecting electrodes 
according to the present invention will be described 
in detail next with reference to FIG. 1 . 

The semiconductor wafer, as shown in FIG. 
2, is formed in advance with an underlayer electrode 
comprised of chrome-copper (Cr-Cu) and copper 
plating layers (Cu). The underlayer electrode acts as 



potential to cause it to act as an anode, while a 
semiconductor wafer (2 1 ) is biased to a minus 
potential using the pins (25) to cause it to act as a 
cathode and thereby cause electroplating of solder. 
The solder bumps are formed to a height of about 40 
G> by electroplating for about 1 hour. 

Note that as prior art of this, for example, 
Japanese Unexamined Patent Publication (Kokai) 
No. 59-8348 (H01L 21/92) etc. are known. 

(C) Problems to be Solved by the Invention 
However, with the conventional method of 
forming projecting electrodes, the solder plating 
solution(22) was pumped in a perpendicular 
direction by the pump (24), so the semiconductor 
wafer (21) contacted the solder plating solution (22) 
in the perpendicular direction. Therefore, the solder 
pladng solution (22) : flowed as shown-by the^ arrow 
marks, branched to the left and right at the center of 
the semiconductor wafer (21 ), and then overflowed 
from the top end of the cup (23). Therefore, there 
was the problem that the solder bumps formed by 
solder plating at the underlayer electrode provided at 
the bottom surface of the semiconductor wafer (2 1 ), 
as shown conceptually by the dot-chain line in the 
figure, were formed thick at the center of the wafer 

the cathode electrodes at the time of solder plating, 
so is provided over the entire surface of the 
semiconductor wafer (1). This is covered by a resist 
layer etc. exposing portions for forming the solder 
bumps. 

Solder bumps are plated on the 
semiconductor wafer (1) formed with the underlayer 
electrode using the apparatus shown in FIG. 1 . 

In FIG. 1 , a cup (3) made of plastic 
provided with a large number of holes in its bottom 
is provided in the solder plating solution (2). The 
solder plating solution (2) is introduced into the cup 
(3) by a pump (4) from the bottom surface of the cup 
(3). Therefore, the solder plating solution (2) is 
controlled so as to flow in from the bottom surface 
of the cup (3) and overflow from the top end of the 
cup (3). The solder wafer (1 ) formed with the 
underlayer electrode is supported by being fixed to a 
support rod (5) so as to abut against the solder 
plating solution (2) at the top surface of the solder 
plating solution (2) in the cup (3). Further, a solder 
plate (6) provided with a large number of holes is 
placed at the bottom of the cup (3) and is given a 
plus potential to cause it to act as an anode, while a 
semiconductor wafer (1) is connected to the support 
rode (5) using pins (7) and biased to a minus 
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potential to cause it to act as a cathode and thereby 
cause electroplating of solder. 

The present invention is characterized by 
the following points. First, the shape of the cup (3) is 
a tilted parallelepiped. The large number of holes 
provided at the bottom are also formed in a tilted 
direction along with this. Therefore, the plating 
solution (2) flowing from the bottom of the cup (3) 
due to the pump (4) is ejected in a tilted direction. 
Therefore, the solder plating solution (2), as shown 
by the arrow marks, strikes the semiconductor wafer 
(1) from a tilted direction, flows along the 
semiconductor wafer (1) bent toward one direction, 
and overflows from the top end of the cup (3), so it'is 
possible to eliminate disturbance in flow of the 
plating solution at the surface of the semiconductor 
wafer (1). 

Second,- the semiconductor wafer ( 1 ) is 
rotatedlirarlbw speedrThinfTthe semiconductor^ " 
wafer (1) is rotated at about 1 rpm by rotating the 
support rod (5). In the state with the semiconductor 
wafer (1) not made to rotate, the solder bumps 
formed by plating on the underlayer electrode would 
gradually become thicker in the direction of flow as 
shown by the dot-chain line in the figure in 
accordance with the flow rate of the solder plating 
solution (2). This is made uniform by rotation of the 
semiconductor wafer (1 ). 



(G) Effects of the Invention 
According to the present invention, by 
making the direction of flow of the solder plating 
solution (2)_a direction tilted with respect to the 
direction perpendicular to the semiconductor wafer 
(1) and rotating the semiconductor wafer (1) at a low 
speed, there is the advantage that it is possible to 
make the height of the solder bumps depositing on 
the underlayer electrode of the semiconductor wafer 
(1) uniform. 

4. BRIEF DESCRIPTION OF THE 
DRAWINGS 

FIG. 1 is a sectional view for explaining the 
method of forming projecting electrodes according 
to the present invention, FIG. 2 is a sectional view 
— ~, ^^^mxg, Hi** juuumt ux a gcuciai suiuer 
projecting electrode, and FIG. 3 is a sectional view 
for explaining a conventional method of forming = „ 
projecting electrodes. 

(1) indicates a semiconductor wafer, (2) a 
solder plating solution, (3) a cup, (4) a pump, (5) a 
support rod, (6) a solder plate, and (7) a pin. 

Applicant: Sanyo Electric Co., Ltd. 
Agent: Takushi Nishino RPA and one other 
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